In the present study, molecular detection of human adenoviruses (HAdV) and enteroviruses (EV) was performed in surface water samples collected from beaches Ipanema and Lami, located on the shores of Lake Guaíba, city of Porto Alegre, RS, southern Brazil. Furthermore, water safety was evaluated by counting thermotolerant coliforms (TC), following local government regulations. A total of 36 samples were collected monthly from six different sites along the beaches. Viral genomes were found in 30 (83.3%) samples. The higher detection rate was observed for HAdV (77.8%), followed by EV (22.2%). Although low concentrations of TC have been found, the occurrence of viral genomes in water samples was frequent and may pose a potential risk of infection for people bathing in these beaches.
INTRODUCTION
Waterborne infectious diseases are a common cause of illness in humans worldwide, having a broader impact in developing countries. Water quality may be greatly impaired by the presence of pathogenic micro-organisms derived from fecal pollution. Currently, the microbiological monitoring of water safety is based on the detection of total and fecal coliforms in many countries (WHO ). The quality of surface water in Brazil is regulated by federal laws that define water classification and guidelines for different water uses. The Ordinance 357/2005 from the Brazilian National Environment Council (CONAMA ) establishes water microbiological standards for different purposes based on levels of thermotolerant coliforms (TC). Nevertheless, the lack or low concentrations of TC do not exclude the presence of different pathogens, especially enteric viruses, which may be spread by feces from both symptomatic and asymptomatic individuals (Fong et al. ) .
The vast majority of enteric viruses are composed of a non-enveloped particle, which makes them highly resistant in the water environment and more tolerant to decontamination processes used in both drinking and wastewater treatments (Sobsey & Meschke ; Bosch et al. ) .
Human adenoviruses (HAdV) and enteroviruses (EV) have been suggested as reliable viral indicators for the monitoring

MATERIALS AND METHODS
Study area and water sampling
The samples were collected from six points along the beaches of Ipanema and Lami. These waters are regularly used for bathing and a number of water sports, including water skiing, wakeboarding, jet skiing, sailing and parasailing. The lake receives great volumes of non-treated sewage from the Porto Alegre metropolitan area, which comprises a population of more than 3.7 million. The surface water quality in Lake Guaíba is monitored during the summer by the Waterworks Municipal Department (DMAE ). Ipanema beach is considered unfit for bathing and Lami beach is monitored weekly by examining three points along the waterfront by determining E. coli concentration (Bendati & Maizonave ) . A previous study performed in samples collected from a water-stream from Porto Alegre city that drains directly into Lake Guaíba demonstrated the presence of enteric virus with the predominance of EV, followed by Torque teno virus and AdV (Vecchia et al. ) .
Three points were selected in each beach, corresponding to the points for discharge of storm waters. Although there are no official numbers regarding the water volumes discharged at these points, it is known by the water companies and city authorities that many illegal connections from household tanks were built by local populations in to these pipes, which were designed originally only as a defense against rainwater. At Ipanema beach, all points presented same level of urbanization, and were named Point 1 (À30 
Sample concentration
Putative viral particles present on the samples were concentrated using an adsorption-elution method with negatively charged membranes (HA, Millipore, USA), as described previously by Katayama et al. () with modifications. Briefly, 500 mL of each water sample was mixed with 0.3 g MgCl 2 and pH adjusted to 5.0 with 10% HCl. Subsequently, the resulting mixture was filtered through a type HA negatively charged sterile membrane (0.45 μm pore size; 47 mm diameter). After, the membrane was rinsed with 87.5 mL of 0.5 mM H 2 SO 4 (pH 3.0), followed by elution of putative viral particles adsorbed with 2.5 mL of 1 mM NaOH (pH 10.5). The filtrate was then neutralized with 12.5 μL of 50 mM H 2 SO 4 and 12.5 μL of 100x Tris-EDTA (TE) buffer.
The resulting mixture was aliquoted and stored at -80 W C until further processing. The recovery efficiency for HAdV and EV of the method were 96% and 50%, respectively.
Viral nucleic acid extraction
Viral nucleic acids (RNA, EV and DNA, HAdV) were extracted from 400 μL of the concentrated sample using the
according to the manufacturer's instructions. The viral RNA or DNA so obtained was kept at -80 W C until analysis.
Detection of viral genomes
A previous step of cDNA synthesis was conducted for ampli- Table 1 .
The sensitivity of the assays was determined using 10-fold serial dilutions of each standard DNA or RNA, the analytical sensitivity of qPCR was of 10 genome equivalent copies/5 μL for both viruses. Only the results from assays within the range of E ¼ 90-110%, slope in the range of 3.2 and R 2 ¼ 0.98-0.99 were considered. All results were confirmed by checking of the peaks obtained during the high resolution melting curve.
TC
The most probable number (MPN/100 mL) of TC was determined in all samples. We used the method of multiple tubes Primer sequences modified from those described by Tsai et al. (1993) .
Taking into account the three points of sampling in Ipanema, Point 1 showed slight variations in the number of HAdV viral copies over the 6 months, except in April when values were a little higher and no detection in January.
Point 2 displayed slight differences in the concentrations of HAdV, except for the months of November, January and February, when no virus material was revealed. In relation to EV, only in February was its presence observed. At Table 4 . Because recreational waters are not subjected to any treatment and are considered suitable for swimming at certain bacterial levels, the presence of viruses presents a potential risk to public health that cannot be disregarded.
In conclusion, to our knowledge, this is the first description of viral genomes in water samples taken from the Lake Guaíba, Porto Alegre, Brazil. It has demonstrated the presence of enteric viruses in recreational waters that are considered suitable for bathing. Future studies may be carried out to assess whether or not these viruses are infectious and risk analysis is also necessary. Present results emphasize the need to include virological parameters when determining water quality to reduce the potential exposure of population to these pathogens.
